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1.0 PURPOSE

1.1 Borehole geophysics is a subsurface characterization method that involves in situ
measurement of the physical properties of geologic materials penetrated by boreholes.
Properly calibrated borehole geophysical (wireline) measurements can be used to define
lithologic units, make correlations between wells, and estimate detailed quantitative
geohydrologic property profiles of the lithologic units.

1.2 This SOP specifies procedures for conducting standard borehole geophysical logging
operations at the Livermore Site and Site 300.  The standard suite of geophysical logs
used (summarized in Attachment A) at the two sites include:

A. Natural Gamma Radiation Log (NGL).

B. Electromagnetic Induction Log (EMI).

C. Spontaneous Potential Log (SP).

D. Electric Resistivity or E-Log.

E. Guarded Electrode Resistivity or Guard Log (GL).

F. Borehole Video Log (BVL).

G. Three-Arm Caliper Log.
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2.0 APPLICABILITY

2.1 The main application of borehole geophysics at LLNL is subsurface characterization.
Geophysical logs are semi-continuous calibrated physical property measurements of the
materials penetrated by the borehole.  Because of this, the logs are internally consistent,
and can be used to correlate lithologic indicators between boreholes.  A wide variety of
borehole geophysical logging tools that measure several different physical properties are
available.  Not all available logging tools are needed for a given logging operation.  In
order to select an appropriate suite of geophysical tools for a given site, it is important to
consider the conditions in the borehole which are influenced primarily by the
hydrogeology encountered and the drilling method used.

2.2 Livermore Site boreholes are commonly fluid filled due to mud rotary drilling operations
and because saturated formation conditions are encountered between 30 and 120 ft below
ground surface (bgs).  Given these borehole conditions, the recommended logging suite
for the Livermore Site boreholes consists of the following logs:  Caliper, NGL, SP, E-
Log, Guard Log and EMI.  The order the logs are run is determined by borehole
conditions.

2.3 Saturated formation conditions at Site 300 are encountered at a wide range of depths
between 15 and 500+ ft bgs, depending mainly on surface elevation.  Site 300 boreholes
are commonly air filled above the water table because minimal quantities of fluid are
introduced into the borehole during air-mist rotary drilling operations.  Therefore, the
recommended logging suite for Site 300 boreholes consists of the following logs:  GL,
Caliper, NGL, and EMI.  The order the logs are run is determined by borehole conditions.

2.4 NGL and EMI logs can be run in air-filled or fluid-filled, uncased boreholes or polyvinyl
chloride (PVC)-cased wells.  Whenever possible, geophysical logging costs can be
minimized by logging several wells per mobilization.  This approach minimizes
mobilization costs and eliminates rig standby costs.
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4.0 DEFINITIONS

4.1 Borehole Rugosity

Borehole wall roughness or irregularities in borehole diameter.

4.2 Calibration

Calibration is a procedure for comparing geophysical logging tool measurements to a
known standard.  Tool calibrations can be conducted at the: 1) logging contractor’s
facility (secondary, or shop calibration), 2) industry operated test pits (primary
calibration), and 3) drill site (field calibration).

4.3 Electrical Conductivity

A measure of a material’s ability to transmit electrical current.  Conductivity is the
inverse of resistivity, measured in mho/m or siemens/m, and is directional in nature.

4.4 Electrical Resistivity

A physical property of materials which limits or opposes the flow of electrical current.
Electrical resistivity is the inverse of conductivity and commonly measured in units of
ohm-meter and is directional in nature.

4.5 Galvanic Resistivity

Electrical resistivity that is a result of direct galvanic coupling of the measuring circuit to
the material to be measured, and is measured using electrodes.

4.6 Geophysical Log

A geophysical log is a paper copy record of geophysical measurements made in a cased
well or uncased borehole.  Geophysical logs are plotted with amplitude on the horizontal
scale and depth on the vertical axis.  A common format in the American Petroleum
Institute (API) format consists of four data display tracks; one log display track to the left
of the depth track and two log display tracks to the right of the depth track.

4.7 Inductive Conductivity
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Electrical conductivity is a result of inductive coupling of the measuring circuit to the
material to be measured, and is measured using co-axial coils.
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4.8 Logging Speed

The rate at which the logging tool is pulled up the borehole generally 10 to 20 ft/min.

4.9 Ohm

The unit of electrical resistance one ampere of current will flow when the potential
difference across the material is one volt.

4.10 Ohm-Meter

The standard unit of measurement for electrical resistivity logs.  An ohm-meter is the
resistivity of one cubic meter of material, which has a resistance of one ohm when
electrical current flows through the material.

4.11 Radioactivity

Radiation, including alpha particles, beta particles or electrons, and/or gamma rays
emitted as a consequence of spontaneous nuclear reactions and/or decay of unstable
isotopes.

4.12 Repeat Section

A quality assurance/quality control (QA/QC) procedure to evaluate the repeatability of
the geophysical measurement.  Generally, an interval of 50 ft or greater is logged twice
and compared for repeatability.

4.13 Scintillation Detector

A device for counting and recording frequency and intensity of light flashes
(scintillations) emitted in certain media by absorption of ionizing particles or photons.

4.14 Sonde

The borehole geophysical measurement device lowered into boreholes and/or cased wells
for measuring the physical properties of the geological materials penetrated by the
borehole.

4.15 Source-to-Detector (or Transmitter-to-Receiver) Spacing

The distance between an electrode, radioactive source, coil or acoustic transmitter, and
the receiver or detector.

4.16 Time Constant

The time in seconds a gamma ray detector accumulates gamma ray emissions (counting
time) to establish count rates.

4.17 Vertical Resolution

The minimum thickness of a geologic unit that can be resolved by a particular
geophysical measurement.  Vertical resolution is related to source-to-detector spacing,
and the physics of the individual measurements.
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5.0 RESPONSIBILITIES

     Note   : The following responsibilities (Sections 5.1–5.5) are listed by the appropriate 
level of authority to ensure that proper representation for all procedures and 
regulations related to this SOP are met.

5.1 Division Leader

The Division Leader’s responsibility is to ensure that all activities performed by ERD at
the Livermore Site and Site 300 are performed safely and comply with all pertinent
regulations and procedures, and provide the necessary equipment and resources to
accomplish the tasks described in this procedure.

5.2 Hydrogeologic Group Leader (HGL)

The HGL’s responsibility is to ensure that proper procedures are followed for activities
(i.e., drilling, borehole logging and sampling, monitor well installations and
development) and to oversee the disposal of all investigation derived wastes.

5.3 Drilling Supervisor (DS) or Designee

The DS or designee are responsible for designing the overall borehole geophysical
logging program, notifying the geophysical logging contractor when logging operations
are required, and communicating any requests or changes in the logging program that will
result in changes in geophysical logging charges.

5.4 Drilling Coordinator (DC)

5.4.1 The DC provides the interface between the DS and the field activities including:

• Oversight of the Drilling Geologist (DG) and field activities.

• Coordinate the DG’s work load.

• Obtain the necessary equipment, supplies, and release numbers from the
Technical Release Representative (TRR) for the drilling contractor.

• Provide guidance and training.

• Inform the DG about procedural changes in areas related to drilling (e.g.,
changes in sampling requests, cuttings disposal issues, new forms, etc.).

• Provide technical input to the DG and Study Area Leader (SAL)/Facility Task
Leader (FTL).

• Review borehole and geophysical logs.

• Monitor drilling progress on a daily basis.

• Interact with the Quality Assurance (QA)/Quality Control (QC) officer on
drilling and soil sampling issues.

• Estimate the contaminants likely to be present, and the quantity of drilling
spoils that may be generated.

5.4.2 During the startup of a new drilling phase, the DS works with the DC and
SAL/FTL to:
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• Create and finalize all related drilling documents (i.e., the Work Plan and
Sampling Plan).

• Work with the SAL/FTL to establish drilling locations, schedules, and budgets
for each well.

• Determine the protective equipment necessary for personnel in the field.

• Make well completion decisions and specify the well construction details from
the SAL/FTL and Hydrogeologic Group Leader (HGL) input.

• Act as the liaison between the SAL/FTL and the DG.

• Coordinates all necessary biological/archeological surveys prior to drilling.
Results of the surveys should be forwarded to the SAL/FTL and
Environmental Chemistry and Biological Group Leader (ECBGL).

5.5 Drilling Geologist (DG)

The DG’s responsibility is to provide the logging engineer with a logging program and
documenting all logging operations on the Wireline Logging Summary (Attachment B),
ensuring that the correct logs are run in the specified order, and all calibration and
QA/QC procedures specified in the current versions of Proposed Borehole Geophysical
(Wireline) Log Measurement Protocols for Environmental Monitor, Injection, and
Extraction Wells and Proposed Wireline Measurement Witness Check Lists for
Environmental, Monitoring, Injection, and/or Extraction Wells are carried out.  The
current versions of these documents can be accessed as follows:

A. When in Netscape:  go to the menu option “open location.”

B. Type “http://www-erd” in location box and return.  The ERD home page should
appear.

C. Go to the blue text marked “Folks” and click on it.

D. On the next page go to the blue text marked “Hydrogeology Page.”

E. There will be several possible connections in black text.  Go to the “Wire Line
Protocols” and click on the connection.

5.6 Geophysical Logging Supervisor

The geophysical logging contractor’s responsibility is to provide a logging engineer
(person qualified and familiar with LLNL procedures) the following:

• Properly calibrated logging tools.

• Sufficient back-up tools to ensure that all requested services will be successfully
performed.

• Paper copy field prints of all logs at the proper depth and horizontal scales.

• Paper and reproducible copy final prints of all logs at the proper depth and horizontal
scales.

• ASCII-formatted diskettes containing all digital log data.
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5.7 Environmental Chemistry and Biology Group Leader (ECBGL)

The ECBGL’s responsibility is to provide biological or chemical information and
expertise (i.e., biological surveys, water supplies, chemical field instruments, etc.).

5.8 Field Personnel

The field personnel’s responsibilities are to conduct all ERD field work that complies
with all established operational and safety procedures, and to inform the HGL when the
procedures are inappropriate.

Activities the field personnel are responsible to perform (but are not limited to) are to:

• Collect, store, and ship borehole samples to analytical laboratories.

• Drill, complete wells, log boreholes, and properly develop wells to allow the highest
yield and the highest quality samples.

• Communicate the performance of development activities to the HGL and DC to allow
for modification of the development methods to improve well yield.

5.9 Log Analyst

The Log Analyst is responsible for the following:

• Overall borehole geophysical log QA/QC program.

• Development of quantitative petrophysical volumetric and fluid flow models.

• Quantitative well log analysis.

• Synthesis of the borehole geophysical log.

• Laboratory core and well pump test measurement data synthesis of borehole
geophysical log.

• Laboratory core and well pump test measurement data.

5.10 Site Safety Officer (SSO)

The SSO’s responsibility is to ensure the safety of ERD’s ongoing operations and
facilities and work performed.  The SSO’s responsibility is to receive the details of
potential hazards and procedures for all field activities.  The SSO directs this information
to the LLNL Hazards Control Department to determine if a new Operational Safety
Procedure (OSP) is required, thus assuring that an existing OSP addresses all ES&H
issues for each operation.

5.11 Study Area Leaders (SAL)/Facility Task Leader (FTL)

The SAL/FTL are responsible for the overall investigation, planning, assessment, and
remediation within a study area.
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5.12 Technical Release Representative (TRR)

The TRR is responsible for the acquisition and administration of blanket contract releases
for the procurement of goods and services.  The TRR has the authority to obligate LLNL
for payment of goods and services, delegated by the LLNL Business Manager through
the LLNL Procurement Department.

5.13 Treatment Facility Hydrogeologist (TFH)

The TFH is responsible for helping the SAL/FTL determine borehole location and target
zone for completion.

6.0 PROCEDURES

6.1 Discussion

6.1.1 Borehole geophysical measurements are obtained from geophysical logging tools
suspended in uncased boreholes or cased wells.  These tools measure a variety of
physical properties of geologic materials penetrated by the borehole including:

A. Electrical resistivity or conductivity.

B. Electrochemical contrasts between the borehole and in situ fluids.

C. Natural gamma ray emissions.

D. Borehole diameter.

6.1.2 Measurements are made as the tool is pulled up the borehole at a constant rate on
a multi-conductor armored cable (or wireline) using a power supply at the surface
(Attachment C).  Measurement depth is controlled by passing the cable over a
calibrated sheave.  Downhole data are transmitted via the cable to a computer at
the surface where the data are stored and processed.  Geophysical logs are paper
copy records of borehole measurements plotted with amplitude on the horizontal
axis and depth on the vertical axis.

6.2 Office Preparation

6.2.1 Develop a logging program that is consistent with the expected borehole
conditions and characterization objectives.  The logging program should specify
all pertinent borehole information, such as:

A. Borehole identification number.

B. Borehole location.

C. Bit size.

D. Surface elevation (if available).

E. Services requested (logs) and order for running logs.

F. Drilling fluid type.
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G. Casing details.

H. Amplitude and depth scales for each log.

6.2.2 Notify the logging contractor 24 to 48 hr of the required logging tools and
appropriate contractual information (i.e., release numbers, etc.) before logging
operations begin.

6.2.3 When logging operations are planned for existing wells, notify the Field
Coordinator(s) (FC) [Jerry Duarte (3-2638), Livermore Site; John Greci (3-5043),
Site 300] 2 to 3 weeks prior to logging to schedule pump removal(s), if necessary.

6.3 Field Preparation

6.3.1 Provide the logging engineer with a logging program, and discuss any unusual
conditions or departures from standard protocol prior to logging operations.

6.3.2 Provide logging engineer with the following information for the log header:

A. Borehole depth.

B. Fluid level.

C. Depth of any potentially problematic zones.

6.3.3 When logging mud -rotary boreholes, a 2- to 5-gal sample of the drilling mud will
be collected during borehole conditioning and set aside for the logging contractor
to determine mud resistivity (Rm), mud cake resistivity (Rmc), mud filtrate
resistivity (Rmf), mud density, and mud viscosity.

6.3.4 Remove pumps from any wells prior to cased-hole logging operations.

6.4 Logging Order

6.4.1 Livermore Site

In uncased boreholes, run the E-Log, followed by natural gamma ray, guarded
electrode resistivity log, and induction log.  Because the caliper log could disturb
the mud cake that protects the borehole, causing the borehole to collapse, the
caliper log should be run last.  If unusual borehole conditions develop, which
could significantly increase the risk of losing a logging tool, the DG and DS
should be notified before continuing logging operations.

6.4.2 Site 300

In uncased boreholes, the caliper log is usually run first to evaluate any unusual
hole conditions (i.e., large diameter “wash outs” or small diameter “tight” zones).
If unusual borehole conditions develop, which could significantly increase the
risk of losing a logging tool, the DG and DS should be notified before continuing
with logging operations.
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6.4.3 Both Sites

E-Logs or guarded electrode resistivity logs cannot be run in cased wells.
Electromagnetic induction logs cannot be run in metallic cased wells, but yield
excellent results in PVC-cased boreholes.  Natural gamma ray logs can be run in
cased wells or uncased boreholes.

6.5 Calibration

6.5.1 Basically, there are three types of tool calibration standards:

1. Primary calibration standards involve permanent test pits, which are primarily
used to calibrate logging tool prototypes, and shop standards.

2. Secondary or shop calibration standards are transportable calibration standards
that are referenced to the primary standards.  Shop standards are often too
bulky to be easily transported to field sites.  Logging sondes should be
checked against these standards on a monthly basis.

3. Tertiary or field standards are compact enough that they can be easily taken to
the field to verify sonde calibration at each logging job.

6.5.2 Conduct all tool calibration and QA/QC procedures as specified in the Wireline
Protocols and Witness Checklist.  See Section 5.4 of this SOP.

6.6 General

6.6.1 Document all logging operations on a Wireline Logging Summary
(Attachment B).

6.6.2 Routinely repeat geophysical logs over intervals of at least 50 ft., including
completion interval(s), intervals of log response extremes, and any zones of
questionable data on the main log.

6.6.3 Clearly display all log scales at the top and bottom of all field prints.

6.7 Natural Gamma Log (NGL) Operation

NGL tools detect gamma radiation emitted by radionuclides in the formation.  The most
common natural gamma ray emitting radionuclides are Potassium (40K) and Uranium-
and Thorium-series daughter products (214Pb and 214Bi).  NGLs are commonly used to
characterize stratigraphy and make correlations between wells.  They can also be used to
infer quantitative estimates of effective porosity and hydraulic conductivity of the
materials penetrated by the borehole.  This log is widely used because it can be run in air-
or fluid-filled conditions, drill pipe, and cased or uncased holes.

6.7.1 NGLs record gamma radiation emitted from the formation in counts per second
(CPS) or American Petroleum Institute (API) units.  The recommended scale for
field prints is 0–100 or 0–200 API units or counts increasing from left to right
(LTR).

6.7.2 NGLs should be run at a logging speed of 10 ft/min, or slower.
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6.7.3 NGL final prints should include standard source (e.g., API calibrator) calibration
and a three-min. stability check documentation.

6.7.4 Use only 1 by 6 in. (or 8 in.) sodium iodide (NaI) crystal or other high efficiency
detectors.

6.7.5 Use a 5-sec time constant for 1 by 6 in. detectors and a 4-sec time constant for 1
by 8 in. detectors.

6.7.6 In final prints, display NGL profiles in the left track (API Track 1) with API or
CPS units increasing LTR.

6.8 Electromagnetic Induction Log (EMI) Operation

EMI tools operate on the principle of electromagnetic induction.  An electrical current is
induced in the formation by generating a radio frequency (30–40 kHz), alternating
current in the transmitting coil of the EMI tool.  The induced current is proportional to
the formation electrical conductivity and is measured by a receiver coil spaced 1.5 to
2.0 ft from the transmitter.  EMI tools can be run in air-filled or fluid-filled conditions,
and uncased boreholes or wells that are cased with non-electrically conductive material.
EMI logs are ideal for characterizing stratigraphy and making correlations between wells.

6.8.1 The EMI log is recorded in electrical conductivity units of millisiemens/meter
(mS/m).  Field and final prints should display both electrical conductivity in
mS/m on the right of the depth track (display RTL, in API Track 3) and electrical
resistivity in ohm-m (LTR display, in API track 2).  Horizontal scales should be
selected to maximize the amount of log that remains “on scale.”

6.8.2 Run the EMI log at 20 ft/min.

6.8.3 EMI final prints should include tool shop and field calibration documentation.

6.8.4 In final prints, display EMI profiles on the tracks to the right of the depth track in
electrical resistivity (ohm-m) units increasing to the right in API Track 2, and
conductivity mS/m units decreasing to the left in API Track 3.

6.9 Galvanic Resistivity (E-log or Guard) Operation

Both Electric Log (E-Log) and Guarded Electrode (Guard Log) tools measure apparent
formation resistivity directly.  An electrical current is passed between a current source
electrode on the logging tool and a current return electrode at the surface.  Electrical
potential differences are measured between electrodes on the surface and at depth.  The
resulting V/I ratios are converted to apparent resistivities, using algorithms based upon
the electrode array geometries and potential theory.  Because these electrical tools are
galvanically coupled directly to the earth with their electrodes, the techniques are called
galvanic resistivity methods.  Galvanic resistivity logs are ideal for characterizing
stratigraphy and making correlations between wells.

6.9.1 Galvanic resistivity log 16-in. normal (RSN), 64-in. normal (RLN), and guard (RG)
resistivities are recorded in units of ohm-meter (ohm-m).  Field and final prints
should display electrical resistivity in ohm-m (LTR display in API Tracks 2 or 3).
Horizontal scales should be selected to maximize the amount of log that remains
“on scale.”
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6.9.2 Run the galvanic resistivity logs at 20 ft/min.

6.9.3 Galvanic resistivity final prints should include tool field calibration
documentation.

6.9.4 In final prints, display galvanic resistivity profiles on the track to the right of the
depth track (API Tracks 2 or 3) in electrical resistivity (ohm-m) units increasing
to the right.

6.10 Spontaneous Potential Log (SP) Operation

SP is an electrochemical phenomena resulting from salinity differences between the mud
filtrate and in situ  waters and the passage of saline waters through clays.  High clay
mineral content zones act as cation selective membranes, allowing cations to pass but
repelling anions.  This selectivity will result in a cation deficiency on the more saline side
of the membrane and a cation surplus on the low salinity side.  If the in situ  waters are
more saline than the mud filtrate, the electrical potential (with respect to some distant
reference point) opposite clay zones will be positive with respect to that opposite sands
and gravels.  If the mud filtrate is more saline than the in situ waters, the opposite will
occur.

6.10.1 The SP curve is a relative measurement and is presented in units of millivolts
(mv).

6.10.2 Run SP logs at 20 ft/min.

6.10.3 SP final prints should include tool field calibration documentation and three-
minute electrode stability checks.

6.10.4 In final prints, display SP profiles in API Track 1 (left hand track) in mv units
increasing LTR.

6.11 Borehole Video Log (BVL) Operation

BVL cameras are used to view uncased boreholes and cased wells.  Best results are
obtained in air-filled or clear fluid-filled conditions.  Both black and white and color
cameras are used to evaluate fractured bedrock, inspect borehole “washouts,” and inspect
casing conditions.

6.11.1 Display the depth and well identification on video log and videotape.

6.11.2 Centralize the borehole video camera in the hole.

6.11.3 Make repeat runs over intervals specified by the DG.

6.11.4 Allow sufficient time for the BVL camera to equilibrate with downhole
temperature and humidity conditions to ensure that the camera lens does not fog
up.  Distilled water can be poured in the borehole to clear fogged camera lenses.

6.11.5 Adjust brightness, contrast, and other image controls to optimize image clarity.

6.12 Three-Arm Caliper Log Operation

Three-arm calipers are used to measure borehole diameter as a function of depth.  Caliper
Logs consist of three to four arm sensors.  Caliper logs are usually run first when
conducting uncased borehole logging operations at Site 300, and last at the Livermore
Site.
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6.12.1 Scale the Three-Arm Caliper Log at 1 division per inch.  The log should range
from 3 in. to 18 in. for most boreholes.

6.12.2 Run a repeat section over any part of the hole designated by the DG.

6.12.3 Indicate the drill bit diameter on the log.

6.13 Field Post Operation

6.13.1 Compare geophysical log measurements to lithologic information determined
from drive samples and cores, and information from nearby wells during and
after logging operations.

6.13.2 Discuss all geophysical log anomalies with logging engineer.  Contact the DS
immediately if any QA/QC issues arise that cannot be resolved at the well site.

6.13.3 When multiple logs are run in the same hole, ensure that log profiles keyed to
the same depth reference.  This can be done by comparing the depths of
characteristic log responses from thin (1-ft to 3-ft-thick) claystone intervals on
each log.

6.13.4 Compare main log with repeat section to check log repeat ability.  The logging
engineer can provide field overplots to accomplish this.

6.13.5 The logging engineer will provide five field print copies of all logs at the proper
depth and horizontal scales before leaving the site.

6.14 Office Post Operation

6.14.1 Communicate any changes in final log specifications or corrections to the
logging contractor within 1 to 2 days after logging operations.

6.14.2 ASCII-formatted diskettes of all digital logging data should be received within 1
to 2 weeks of the completion of logging operations.

6.14.3 Inspect logging tool calibration documentation for each log product.

6.15 Documentation of Failures

6.15.1 Calibration Failures

All borehole geophysical tool fabricators supply tool calibration protocol with
their sondes.  The logging vendor should attach records of the appropriate dated
and signed shop and field calibration records to all final log prints.  Departures
from published calibration protocol and/or standards are noted on the Wireline
Logging Summary (Attachment B).

6.15.2 Depth Control Failures

Borehole geophysical log depth control is established by passing the logging
cable over a calibrated sheave.  Depth control failures are noted by comparing
driller’s depths to logger’s depths and logger’s depths on multiple trip logging
jobs.  Depth control problems are noted on the Wireline Logging Summary
(Attachment B).

6.15.3 Repeat Failures
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Borehole geophysical measurements are repeatable physical property
measurements.  Borehole geophysical vendors run short (50 to 200 ft) Repeat
Sections (Section 4.12) of logs to demonstrate that their results are repeatable.
Direct measurement tools, such as resistivity logs have very narrow repeat
measurement tolerance.  Statistical measurement tools such as the radioactive
logs have broader repeat measurement tolerances.  Departures from published
repeat standards are noted on the page 1 of the Wireline Logging Summary
(Attachment B).  Failure to repeat a logging measurement may be due to
borehole conditions beyond the control of the logging vendor.  If this is the
case, it should be noted on the Wireline Logging Summary (Attachment B).

6.15.4 Inconsistency with Offset Borehole or Well Log Results

Borehole geophysical results should be easily correlated between nearby
boreholes and/or wells.  Abrupt changes in the character of borehole
geophysical logs between offset boreholes/wells can occur due to changes in
subsurface geology, borehole conditions, and/or logging equipment failure.
Inconsistencies of borehole geophysical logs that occur between boreholes/wells
should be noted on page 1 of the Wire logging Summary (Attachment B).  If
these inconsistencies are due to subsurface geology or borehole conditions, note
that as well.

6.15.5 Tool Specific Check Failures

Some borehole geophysical data quality checks are tool specific, such as caliper
measurements of casing inside diameter and gamma ray stability checks.
Failures of these tool specific quality checks should be noted on page 1 of the
Wireline Logging Summary (Attachment B).  It should also be noted if these
failures are due to borehole conditions or not.

6.15.6 Presentation Failures

Borehole geophysical data quality may be good, but appears to be bad because
of poor presentation by the logging vendor.  Borehole geophysical log
presentation failures should be noted on the Wireline Logging Summary
(Attachment B).

7.0 QUALITY ASSURANCE RECORDS
7.1 Assurance reports that the borehole geophysical logging tools are:  1) working properly,

2) used according to their design, and 3) properly calibrated.  The borehole geophysical
logging contractor must document that the log products meet these conditions, and the
DG must verify these conditions.  The front of the Wireline Logging Summary
(Attachment B) provides a convenient summary matrix to document any log product
quality problems.

7.2 Specific borehole geophysical data quality assurance records are:

A. Wireline Logging Summary, compiled by the DG and augmented by the Log Analyst.

B. One set of QA/QC annotated well log prints prepared by the Log Analyst.

C. Any QA/QC electronic mail and/or memoranda generated by the DG and/or Log
Analyst for a specific log suite.

8.0 ATTACHMENTS
Attachment A—Geophysical Logs
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Attachment B—Wireline Logging Summary

Attachment C—Schematic Diagram of Borehole Geophysical (Wireline) Logging 
Operation.
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Attachment A

Geophysical Logs
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Attachment A.  Geophysical logs.

Geophysical log Description Primary purpose

Natural Gamma Log
(NGL)

Used in air- or fluid-filled, cased or
uncased borehole, <14 in. diam.  Measures
natural gamma radiation emitted by the
formation.

Characterize lithology;
determine stratigraphic
correlations.

Electromagnetic
Induction (EMI)

Used in air- or fluid-filled, uncased or
PVC-cased boreholes, 2-10 in. diam.
Measures formation electrical
conductivity between 2 coils, 20 in. apart
by using electromagnetic induction.

Characterize lithology;
determine stratigraphic
correlations.

Spontaneous
Potential (SP)

Used in fluid-filled, uncased borehole
only.

Characterize lithology;
evaluate formation water
salinity.

Galvanic Resistivity Used in fluid-filled, uncased borehole
only.

Characterize lithology;
determine stratigraphic
correlations.

Borehole Video Log
(BVL)

Used in air- or fluid-filled; cased or
uncased borehole.  Produces a video tape
of the borehole (or casing) using a
downhole camera.

Characterize lithology and
evaluate fractures in open
hole; evaluate casing and
screen in cased hole.

Three-Arm Caliper
Log (CL)

Used in air- or fluid-filled, cased or
uncased borehole.  Measures borehole
diam using 3 or 4 radially spaced arms.

Determine borehole rugosity
in open hole or damaged
casing in cased hole.
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Attachment B

Wireline Logging Summary
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Attachment C

Schematic Diagram of Borehole Geophysical
(Wireline) Logging Operation




